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fljiez&7C7 ^-7 7£ B B B fi. -cD««$ri3S-rS 2 
*mfcWOT-CHW«lcK5>l UfcjE#»?a»4>l** k k 

*fg^*\ isa*ts ; f^2oc7)^ii£7)v^-rii^^t 

£Z&7C7 * y 7& B B B £&L/Z3:7C7 * h- y 7 

HUEZ&7C7 * J- - 7 ^»A<orjSfcJsW6t- HWB 
ifi*kv*:.:k*tttak-r*Z83c7* h-^^tSftffi 

mo- &7ty *b- -y ?m/Mffixu—r . 
[m*«4 ] mi£z^tE7 * h^-y ^^ B a H (i. m«o 
®tras*wi-*js i . i mtt jmmmm 

laWTEBSiifc* u s <0SB 2 «it k j w l . 
»2«««rJJW[k Lfc^< fcfc-**)S*ft?»i, K 

<7)— 0 . la <7)$Effl£ jfltfOfitt 
Z*#K*>4>«I0 . 1 a«0«Hfc£3«jr£EHLfcC 
k £=ff$tk "tSi«3cJS4 (CieKc7)Z^7C7 * F- 7 7^ 

I m$M 6 ] aS**^F<0-ifl<0ft S * a fc L . -on 
2«f»:lK »2*rttX«, Y«fc itzn 
C,X,Yi|[*«(na/4,ma/4) (n = 0, 
2. 4. m=l, 3) ifcli (na/4, ma/4) 
(n = l. 3. m = 0. 2. 4 ) n&iWtk-tt* 

f. 

<ofi£l> £ fc * fc 1 4W«Ja4 * b 

[f**J|8] »28»fcai3«Kfcttfit#«a»6j£ 

h z k mm t -t m *Ji4 ~m#* 7 *>v ^-mancts 



[lt*Jfl 9 ] fif£Z^7C7 * h - 7 7& B B B 14, 
ffltJr***rf4»l«*i:, m««fcfl«rSp#JI*4 

at*ft^> 2 o<7)^« sao i ^ anc*f t t 9 2 $n<7) 
¥Bi»RtfB«j*: ufc-r t mmktmim 1 -it 
^3^v^-m*Hiiemoz^TC7 * h-- y 7&&wft 

[ It^JS 1 0 ] BU!eZ&7C7 ^ h - y ^ tl A(i. ¥ffl 

ffr^M^SClk«:^®k-fSIS^JSl~iS^iS3<7)^ 

[fl^JMl 1 ] B?ISZ^7C7^ h-'y^tSJWi, 

6i?K:«-&LTja4ik*«pfRk^4ll!*JRl OKIE 

[ft««)ttM&ij»n 

[ 0 o'o 1 ] 

[*^*-tft*S»^lf] *»W4, Z<^7C7*h^-y 
^^ B B B ^* L . H«**«ri|!Srza5c7 * h - .y ^ ^ B B B 

[0002] 

[«3lW)S«r] Stt««0ifi»CZa5c7* h--y?^ B | 
*KL. Z»5c7* h-.y^ttftoSi8fc:J: Offlf&^-f 
i»Z&7C7 =r b--y ^tt*iB»*P— «r«»P2 0 0 0 
-3323 5 l4HHHfcH!*§ilTHS. I"I4^)Z»C 
7C7 * -y ^e H |1H563tU'-f *«±tTS57 5 
•yh'S. ffittS. ±SP^7-y FS^e^ilTV^. T 
gP7 7 «y H*+tCJ4«tt«<0ifi«fc:Z»5E7 * h- 7 7 

[0003 ] Z&7C7* h--y7^ B B B (4. WitfnSl 
i>£\\ vSttSJi, Wi»f I nGaAs/I nGaAs 

pm^mm&m^fc&sMTWFffimfrb&^x 

[ 0 0 0 4 ] £ , TS57 5 -y H J: 5 (CM^. 

KpII nP(^fW^«^t^S. Tg|57 7-yh'« 
&^±^7 7 7 FJBti l 9vSttB^^T'7'7;i/'\7 u o 

[0005] ±SP7 y 7 KScOiffi&tffflgoEBiCli 
fttP^feJftSma^JBJftSfiTV^. TOISJtClKESrEP 

titth z. k izx *)m&mim%L* am^^mtitz^ 

tf~tt.ji7*h-"/7&gklZAftii-&. Z&7C7* 
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jmtxmmztii. ztuzx*). z 
&7E7 * h - -y ? sMSBt u-if mm, LT 3 h - 
uyh&3fc*aj»tt-4. 

[00 06] 0Utf. @3 5fcjjrfJ3£I*tt?J&>4> 

4. Z&7T7*h-y7£ B a B 4 0«i. fflUffl l|*ilC 
£711?<0§S2&«1 2*ltXi-4Z*|flit:|a|ta«!r» 

t r-M#ffl<ottfifl^ri6j£*rL-o*s. r-x^rfi] 

o) £afc-t4t, »2«*1 2£«HPjfiii: 
amEUBfr <JTF r j fcv*3 ) E 

[0007] E 1 Wft^HHa te»£A 

t 4ft L#r - X2r|6Heitfrt4 . * LfcJ*-frft-C0 

#r£*i4. cc7>^*>, ftnmmfaizttixo' . ±9 

0- . 18 0° <A#flCIIIifr3ftfc3fc<3A#7*5-y^* 
ft*8tfc-t. HtC 0° , ±9 0° , 18 0° ^[6J(C 

^iSSBIWfflfcttLTO* . ±9 0° , 18 0° 

<ry%mzmfr?h. 

[0008] fti,tf\mtz\&mm<r)®]3xzmmt 
tm^TtcD^^zmhtz^mmmii. t 
tz. mmzmm%i>mz®VTZtitz3ti>77>v73iftz 
mtzt. zotztb, &Miz£nxmmztifzm*±.%7 
y-vvmziYixmzti. mm.mm^'t&ztiz 
ttz. £x<r>m-&x'c\<vmtfm.-thtz#>. 
mn^mx-a t - v v y & ^ — mmmmtz* ->x\^ 
4. 

[0009] 

i,z^tmmco-<X7t7 * b~y rm&A owo hut- 
**. imitftcofflmiiza/czmixm&jcititz 
wmmmx-hh, zzx\ c&m. m/ s 

ec) «r7pLT*J0, alitgffli (JjLffi: m) 
[0010] Mefcwc, 4H«ift^HHW*£*L 

Ttt«r< . E£gE£;frfiK[3t/r£fl£ft*>7'7 

^jtSriSCSS^rSlCffi 0 ait"- fl^ffi t 

fr4. 

[ 0 0 1 1 ] ». r^tiOT^J; 9 Otlt$ft4. tfr? 

mmaojEHteTizitiixtewmx&m^? b>u 

a,. a 2 ii. lI£«ato*{iK?WU£x, yfc-t4 
a,=ax 



a 2 = ay 
fcS*S*l4. 

[00 12]Mjt^^h^a,, a,fc#U aSS^TS* 

b^bj. b 2 Ji, 
bj= (2n/a ) y 
b 2 = ( 2n/a ) x 
i:*$fl4. 

[00 13]3tfrFa*^h/Ub,. b 2 £fflv\ ft<7) 
&ifc<7 h;nc^ ( 1 ) *CicSfl6 i 

[0014] k = nb,+mb 2 • • • ( 1 ) 

ZZX\ n. mliffitflfflBrCfc*. 
[0015] Vt-oX . #tf>»»'<7 h/l^sS ( 1 ) £)! 

L*c v * 4 r &xfoti\f . n' f y X- 1 Kra^a^ 

ttH+SSH^-ridfc. ^HIIaj&<ifcftAi:*U* 
Ct(Cffl^T4^2^^>H* { ffl^4fL4. 
[0016] S«<0B«1S , H3 7 t . ~<Xyty * 

1-4. OT. «SUS*»A-e^)*»K!BSrAt-H, ft 
iSiHiSifc B B H . ftJIiajSmc 

[00 1 7 ] 03 8, 03 9li-£fteftZ&7E:7* 

v7&&tfA*-^VB*-b'<&mtm£mr>x^ 
$>t£conmifiZ*ixi$i . ztii&u—r-wm 
nmmmzm-tz. ^mm^^Rx/^^t: 

*LTV^4„ ZtlkeiffllZTfitXolZ, At-VRUB 

r&]* J -^C^-5TV^V^ Z<7)tztb. 04 0, 04 liC 
A^-hWB^-h'^Stgff^m^^^ti:, A 
HT'ti«^|S]*^fiS7^HSrIl]lK-r4(i^c=5r 

[00 18] C-e-h'tDt-HtttWaL-Cfe 

[0019] &±nX 0 I*C0Z»:767 * h- -y 7 
ISAiBffeiKU— mi 4 , Z^7C7 tb- y 
4m*m*-Y {C*-YtD^-Vk\im&LX^ 
4 VX-mn 3 ocoftJI^ - F ) 

[0020] *^0H(4, MSfcfrfltf-fc^fcfciBW* 

4c tors 4z^tc7 mgtmftfti— v * 

Jg«1-4^t^gWfT4o 
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[0021] 

izmm i iziimztifzftmt. v m&xizx o 

&tg7 th--/? BAIiBtifc r t v vt . Ml 

*>«W£lH£kU R|t**$<0-<0«*Oft/jNSI»l* 

A\ i^a*^0 20C7)^^0V^f ! ii*>-^tc^LT 
IM«|sSrB*f*««Mli*#t*Ci:*Wai: I/O**. 
[00 22] 4fca»*fl2 tIEKSiufeJHBtt, * * 'J 

ttft*KLfcZfc7G7 * -y ^tSJHB«*U-1ffc*J 
WC, BUEZ&7C7* h--y ^Igft^rjSfcfeft 4*- 
K«)ffliB*kV*:.rk£1W8k I/O**. iwfflKfcJ: 

[0023] *t:m$m3tzigxizttic%Mt. mm. 

1 ££»ifS*^2£l£®£ft£Z#7C7 * h--y 7£b b b 

I»k£-Sfc$tf£.rk£!»ff8k I/O**. 
[0024] 4fclt^4fcffi«S*ufc»!Bli. 1**8 

7&nm?&ti'— nzti^x , inffez»;7c7 ^-7? 

Wr««4ri k k fcfcJB 1 JK«rt<^Il3lW*» 1 . ft 

2H$\ izm u wc-ies§ titzm uv*s s^m 2$ 

ftk£*U 82JSH£]MkLfc^5r 
[00 25] 4fel»*Ja5tie«S*LfcfMH{i, n$g 

4 fciea$fifc-<X7c7 ^-7 ^isaiiBBeu— if t: 

^o-izw»feso. 1 siCo&m&tzi,i-m.cr)mmz.mft 
m^mo. 1 a<Dmttzm3i%mzimuzztm 

ttfcLO**. 

[0026] £tzm$m6iziimztitzmiii. mm 

4 \iZtm%tltZ-&7t7 *h- y 7ISb b b®?£\:U— f fc 

fcWO «*tS^-<0Hffl(^$S:akU, -<n>&2®M 

zmmzm. tzinrnxm, YitL«c x. 

YffiHtf ( n a/4 . ma/4) (n = 0, 2, 4, 
m-1.3)ifcU (n a/4, ma/4) (n = 



1. 3. m = 0, 2. 4) <D&£4»ktt&¥&0. 1 
a««gat*3««SrffiaLfcCi:Sr1*ak I/O*. 
[0027] CWflliRtciik. fflitf. X, Y£S# 
(0, a/4)^(0. 3a/4)^(a/4, a/ 
2) <0ffi«fcjB3«»ME*S*l4. 
[00 28] *fcM«Jll7fclB«S*UfeJMW4, ft*« 
4 fc|£»*)Z<S3c7 * h - -y 9 f^ffi?^ 1/ — f KfcV \ 

SrftSkLO*. 

[0029] 47tiS^«8tcie»$fL^^»i, aw&i 
4~»*^7<o^-fii*H;lE«<7)i:»:7c7* h-v?& 
mams- -mawr, ^2^ntmmtitmt 
mfrt>&&zk$:ftwtkix^?>. 
[0030] £ tzmxm 9 iziffl s titzftwte , mm 

i -iftfcJB 3 0>V vtfh.j&»fc:Etfc3 ft.£Z&7C7 * b--y 
JSfJrsp#IS&* k k k£S l mtto<r>W3£t&9i l , SI 

2um^t^mmx'Mm.^tiim2mnt^L. m 

2Um£m&k Uz'J>-%< k i-Stf)***^. MS 

<0 2 O<0*T««O^-«x*»tc» LTJS 2 
ffi^^M^Uc^kHfSk LT^4. 

tzxht. &2$mtfmi. ^nMzwimmzmn.* 

[0031] ttzffiemi otzsmzntiWM. if* 
if i~fi*3i3o^-f n*Hciea$^z»:7c7 * h- 

v^lSAiBfftJtl'— ffcfc^T. MIBZ^7C7^ h--y 
^< k fc-WlWfcWL'ClIXr* 2^i*iK:BfSft4 

2^<r>®M,<r>mxm^wj:hc\)i zmmt ix^z. 
[0032] znmmzxht. -ft7t7* h->v?m 

»fi£$ti. ¥fflWtMT0iJx.tfmi^ffw±^IS$ii 
S»2«*k, *ljKKWS*tS$n*IB3«»k<0 

IBWfcEMLTfciv^U mcr>mmmiXi>£\,\ 
[0033] itzmm l 1 t=SEtlSnfc»H^i. II* 

m i o tie»$n7tz»5c7 *h-v tm^mmx"- 

ftctjv^T. lyiez^7C7 ; rb-.y7^B 3 B{i. fulfil 

[0034] ,iofi!^t«t 4 k , mtK-dstomffl 
mmttix®mvm%z%i. &2®&frh&z> 
»i. m2iaisftSi i sr^L. *i, as2iutwa^)ai 
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mt m i mt m^^tim^m^mmt . 

t , tfSV^JI&o^Z&TG? 7£b b b#«M£ 
[0035] 

«BLT»Wt6. SMBftflEffJL «*WW03 5i:|S| 
-^#fcovvaiP^-^-f-£ffl/C^4. 01 fiSS 

i nss»»^>z»:7c7 ^-7 7&&mm.\s~ rz* 

tfflfiMX'h h . Z&7C7 * h - «y 7 ttJtBBBfcl' ~r 
Hi, »E2±K:T«?5>y K®3, fi§ttl4, ±$7 
7-y HJI53MWl$n'C06. TB77-y K« 3 
VSttl 4 C7)jg^Z^7C7 * h - 7 7 ISb b b 1 0 (±1*115$ 

[00 36] Z&7C7* h->y?*Sfll 0(i. 0tttfn 
V\ *S14JB4»i, Utttfl nGaAs/I nGaAsP 

*) , * * y roaAc J: o 

[00 37] TS&7 7 •/ K® 3 (±±IB< 7 )J: 3 CWi tf n 
MI n PfliftWfe&»6*9, ±SP77v K«5ttflUtf 
pII nP*)¥#ffe&>4>j£o-cv>4. TS57?-y KS3 
&y±gB7 5 -y H * 5 C i 0 «§ttfl4 £$ytT*7V/l^ 

357 7 -y KB 5 OIMB&M 2 cOJgffi^(i^*> £>j& 
l>«SS6. 7 1ffl&i&tlX\*h . «8ft6, 7iat«£E£ 
EP Jot h z k K J: 0 iSttl 4 S J: 3 fc£ o TV ^ 

So 

[00 38] 02«iZ&7C7* h^-y7^ B B 9 l 0£*-f 

tmmx'hh. z&it?* h->y7£ B B ai ot±, mim 

fil lrttffi?L^f52«Hl 2 SrS^-f S -Iffatzm 

*. S*t=5rl»^P a 1PSa(i, r£T-ft*R^hM= 

$HrctiHRfcJ:<fflv^ft6n£m2f¥ (036, s 
35#BS ) £ffl S-t a fg^HPg a k k *«g L V t§ 

[00 39] Z&7C7*h-y7&B B Bl Ofcti. 812$ 
ftl2£H£kU Bt**Stf5»2JBWl 2c7)S/hJI] 
SB ( a ) £-iflk jDS»*»4>**»*Hfpe 1 *gg 

ifc. m2®mi 2<r>mMU2-H^z^ 
h?h 2 rnmuz i m<o®fex\ m 3 1 3 *%f^o 

[ 0 0 4 0 ] m& ItzX 0 (c , iStt/14 3&»fe«ifc*»i 

Z&7C7 th-7?MB S al0 tCTJttS . Z&7t7 * b 
^•y7f£ B B al Oft»?|SIIBajW3f5£ft£$ftk&. *li 



Z&7E7*b--y7fcSB B B l Ofci D*Sl/C*«3*l 
6. ZtUz£«). Z^7C7^h--y^^ B 9 BffilBtl— -r 

SS3JSW1 3£*tr£*te?EUi. «ft«Cl. C2 
[0 04 1 ] a**S^JiR-^>*«3WHjSKSIIS 

mn&4^&x'&&i%n&m& : ?bim%&. m->x. 
m3mi 3*m&tLx. f&^E2£a#fg^k*=5: 

•fZti>X'£&. ZV>£olZ&lXl>2mtiftWL<D^ 

i t ixizKixMfflw%&.mi<zm2mKi 2tmztix 

[0042] ZCOX 0 &«MW>Ztf3c7 * b - y 7&a B a 
1 ocorjSttifiOAV KH*H3fcjft"*. Mi, 
A k ^raH a fc *i-gCt 2 SP ( SU : 0 3 6 # 

%ixm.m.Ltzmmffimx'bh. zzx\ c« 

3tiS m/sec) ^LTfcO, atttt^lSIPB 

m) 18«lti, ^0«iS^7 h/U 

[0043] RHfciSk. Z<X7C7* h--y^Jg^l 
0Ji«W«)Htf*W:# S9ta«JfcaHW-4 - k fc J: 

ftLogmmmzfc ttz a ^mzhim*- y m 

SrWL, 03 7X'7nL t$&&)ZM3£7 * h - v 7 ^ b b b 
[0044]^, S*tS^E 1 <9tvf ft£v_^<7)ft£jg| 

(i\ H2fc*JV^«*l^FElrt^)»3««13afc» 
*TS3«*1 3b«r-#<Wa«C2±teESLTi 

[004 5] 04-07(iZ^7C7^hrL-y7^B B H lO 

lx^i. ztLh<?>mtz7Fct£oiz^ h't-m^co 

[0046] flSoT. 08^A^-h'St/D*-HOji 

f6] ( fl:^<7)*f6] ) ^'-SWZ<X7C 7 * h - y 7 Sa B B ffl^ 
[0047] H. A, Bt-Ftli »WR«©«W:« 
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[0048] ifc. SS3««1 3<i»l««l Itm 

x'hr>xi>£\,\ ttz. m3mi 3mmc i . c 
r t * - H<o»>i£ t < -r t 5 . y 

[004 9] 01 Ote. S+fSi^E lrtt»3««l 3 

^psat^ t tmxh h . ma^ss**)** 
ia^fctt. 4Ha«Siiz^aLhfc:»3«»i 3£ies 

<OSffiZ«WHR*»^> 0 . 1 a ( = a/ 1 0 ) ct»|£B 
[00501H11I4, S#f§^E 1 |*|K!f53&S 1 3 

a^rt«^*#v^#£^LT^I>„ £ftfcJ:l>fc, 

■W. (na/4, ma/4) (n = 0, 2, 4, m 
=1.3)£fctt (na/4. ma/4) (n = 
1, 3. m=0, 2, 4) (n&AzW&t&t&^-YP) 

0 • 1 a ( = a/ 1 0 ) c7)®fflf*|T*J>il 

[00 5 1] mm. X, Yfflto* ( 0 , a/4 ) , 
(0. 3 a/4), (a/4, a/2 ) *>ffillc*38 

[00 52] HI 2«)fll2Stai»JWcjKtJ:5 
tc. »3«K1 3*iB3!tt-* 2*|6l^)lJ5l«ttKC»Jtr 
i«k^. -I<9i§£. £*fg?WfE3i}gxTi20 
OJWHtcWLT^WfWcir-jTV^. Ill 30^3H 
MMflBlcSi** «fc 3 fc, SS281C1 2#JH«iitfiJ£ft 
fc^WB^E 1 ' **WrCflrV*2««*!ll3«itl 3(= 

■7-e i ■ fcWLT-saoftSjwa&bo. *ttw«c#ruT 

[00 53] *l-»3HM5^Bt:iiV»T. 1838® 1 
3*3S2«Mtl 2<OMV^W»^ift(tS^^V^«8ft 



zm : t-Y£%mzmmtz>zktfX'£&. ta x m 

£fc<3&H£*§<^4<I 4. 
[00 54] ft. @14^17(2£*fg?«>2'?«)*t 

a a*>fl*nc*t t> ®jf ¥^^m-e£> i. . m 1 
«*^e i<owaa<o+j£fc!63ii 

[0055] 01 5lZ^-f£ol l Z, m*W?E 102JH 
«H5C»ft*^)«t«jfik:»38«l 3 2rSttfe«^tH* 
C«*tS^E lWM^^Mftat^L-CJSlff*^*^ 
fotfth. &m=?&m-E7. E8i:fiii.Ti|5lbX' 
*4. ft. tS^E2 0{i^2««l 2Zm&tlX^Z> 
-ia* J S2««l 2<7)ft/J^WT1i ; S:V^ v :^S* 

m-tmiz>zkiix'£&\ 

[00 56] 01 6fc*^J:3fc. *28*1 2*W 

e r <o i ®m$r 2 if ^mcm 

3K«1 3Ca#«£fc«£iRI*fc:, *ffe«r«*I^F 

[0 0 57] mi7lZ7F?£i£. m2«Ml2*™ 
WKiEWSnfc^WS^E 1 " <T> 1 fflDJr* 2ffl«H5fc* 

* $ cr>m% h n mmcom 3 mt 1 3 tus ^ tz®% 
mmz. mz^m^m-Ei^mnmnmzntx 
imwfftifijtmb%h. mxteTZtfrFEgtmix 

tHtr&S. W, fS ; P2 1«|n|t«*<0»2. SS38 
SI 2, 1 SSrH^^UT^I)^ **S**JWr4fci6 

[ 0 0 5 8 ] 0 1 8te%4mttmm<7)-&.7t7 a V- >y 

a B a $r ^■t :s Fffi0r'J) !> . *^S6)B®c7)Z»:7C 7*H-7 

^S2 0{i, lrtKffiffi«HJB<9SB28« 

1 2*>iI^-ri.Z*-(6]tc|5|tJfSBT'E?iJ$iiTV^. -e 

[0059] ^Ut»JBtfe^-C , » 1 8*11 fc«2 
Ifl2t«#m^crt, 9 2 8® 1 2£JM 

t L/tiE^*^j£i>»*t&?E i<D2^>mnmc 

[ 0 0 6 0 ] £ 3 =5r|fgcC0Z^7U7 * h i -y ^|g B B B 

2 0»^2Sf (SSS: 03 6#Ji) <OAyH0*01 9 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a two-dimensional photonic crystal 
surface emission laser which can emit light having a constant direction of 
polarization. 



SOLUTION: The two-dimensional photonic crystal surface emission laser 1 
comprises a two-dimensional photonic crystal 10 where media having different 
refractive index are arranged, at a two-dimensional period, in the vicinity of an 
active layer 4 emitting light upon injection of carriers wherein the two-dimensional 
photonic crystal 10 comprises tetragonal lattices having a constant lattice interval 
(a) in the orthogonal direction and a basic lattice E1 of square having the vertex 
of one medium 12 has refractive index distribution asymmetric to any one of two 
diagonals C1 and C2 of the basic lattice E1 . 
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CLAIMS 



[Claim(s)] 

[Claim 1] In the 2-dimensional photograph nick crystal-face luminescence laser 
which arranged the 2-dimensional photograph nick crystal with which the medium 
by which refractive indexes differ was arranged with the period of 2-dimensional 
one near the barrier layer which emits light by impregnation of a carrier While 
said 2-dimensional photograph nick crystal consists of the tetragonal lattice 
which arranged the medium of 1 periodically by regular intervals to the 2-way 
which intersects perpendicularly 2-dimensional photograph nick crystal-face 
luminescence laser with which some [ at least ] primitive lattices which consist of 
the square which made the medium of 1 top-most vertices and made one side 
the minimum period of the medium of 1 of the same magnitude are characterized 
by having distribution of an unsymmetrical refractive index to either of the two 
diagonal lines of this primitive lattice. 

[Claim 2] 2-dimensional photograph nick crystal-face luminescence laser 
characterized by dispelling degeneration in the mode in gamma point of said 2- 
dimensional photograph nick crystal in the 2-dimensional photograph nick 
crystal-face luminescence laser which arranged the 2-dimensional photograph 
nick crystal with which the medium by which refractive indexes differ was 
arranged with the period of 2-dimensional one near the barrier layer which emits 
light by impregnation of a carrier. 

[Claim 3] 2-dimensional photograph nick crystal-face luminescence laser 
according to claim 1 or 2 characterized by making in agreement the frequency 
which takes the maximal value of the gain of said barrier layer, and the frequency 



in which said 2-dimensional photograph nick crystal resonates. 
[Claim 4] The 1st medium by which said 2-dimensional photograph nick crystal 
has a predetermined refractive index, Are [ having been arranged at spacing 
equal to the 1st and 2nd direction in which it intersects perpendicularly in the 1st 
medium while the 1st medium differs from a refractive index, etc. and ] by 
carrying out, and it has the 2nd medium of magnitude. Some [ at least ] primitive 
lattices which made the 2nd medium top-most vertices are 2-dimensional 
photograph nick crystal-face luminescence laser according to claim 1 to 3 
characterized by having the 3rd medium asymmetrically arranged to either of the 
two diagonal lines of this primitive lattice. 

[Claim 5] 2-dimensional photograph nick crystal-face luminescence laser 
according to claim 4 characterized by having arranged the 3rd medium in the 
range of width-of-face 0.1a from the range of width-of-face O.lfrom one side of 
primitive lattice a, or the perpendicular bisector of one side when die length of 
one side of a primitive lattice is set to a. 

[Claim 6] Die length of one side of a primitive lattice is set to a. At a zero the 1st 
and 2nd direction for the 2nd medium of 1 The X-axis, When it considers as a Y- 
axis, X, Y coordinate (na/4, ma/4) () n= 0, 2 and 4, and m= -- 1 and 3 - or - 
(na/4, ma/4) (n= 1, 3, m= 0, 2, 4) 2-dimensional photograph nick crystal-face 
luminescence laser according to claim 4 characterized by having arranged the 
3rd medium in the range of radius 0.1a centering on a point. 
[Claim 7] 2-dimensional photograph nick crystal-face luminescence laser 
according to claim 4 characterized by consisting of the magnitude from which the 
2nd medium and the 3rd medium differ. 

[Claim 8] The 2nd medium and the 3rd medium are 2-dimensional photograph 
nick crystal-face luminescence laser according to claim 4 to 7 characterized by 
consisting of the same quality of the material. 

[Claim 9] The 1st medium by which said 2-dimensional photograph nick crystal 
has a predetermined refractive index, Some [ at least ] primitive lattices which 
have the 2nd medium arranged at spacing equal to the 1st and 2nd direction in 



which it intersects perpendicularly in the 1st medium while the 1st medium differs 
from a refractive index, and made the 2nd medium top-most vertices 2- 
dimensional photograph nick crystal-face luminescence laser according to claim 
1 to 3 characterized by making the flat-surface configuration of the 2nd medium 
unsymmetrical to either of the two diagonal lines of this primitive lattice. 
[Claim 10] Said 2-dimensional photograph nick crystal is 2-dimensional 
photograph nick crystal-face luminescence laser according to claim 1 to 3 
characterized by the refractive indexes of two media which adjoin the 2-way 
which a flat-surface configuration is close, is arranged in a rectangular medium, 
and intersects perpendicularly to the medium of at least 1 differing. 
[Claim 11] Said 2-dimensional photograph nick crystal is 2-dimensional 
photograph nick crystal-face luminescence laser according to claim 10 
characterized by joining and changing so that the periodic direction may intersect 
perpendicularly two single dimension diffraction gratings with an equal period. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 



[Field of the Invention] This invention has a 2-dimensional photograph nick 
crystal, and relates to the 2-dimensional photograph nick crystal-face 
luminescence laser in which field luminescence is possible. 
[0002] 

[Description of the Prior Art] A 2-dimensional photograph nick crystal is arranged 
near the barrier layer, and the 2-dimensional photograph nick crystal-face 
luminescence laser which carries out field luminescence by resonance of a 2- 
dimensional photograph nick crystal is indicated by JP,2000-332351,A. As for the 
2-dimensional photograph nick crystal-face luminescence laser of this official 
report, the laminating of a lower cladding layer, a barrier layer, and the up 
cladding layer is carried out on the substrate. In the lower cladding layer, the 2- 
dimensional photograph nick crystal is built in near the barrier layer. 
[0003] A 2-dimensional photograph nick crystal forms a hole in the semi- 
conductor layer of the n mold InP, and is constituted, and the medium by which 
refractive indexes differ consists of the triangular grid and tetragonal lattice which 
were arranged the predetermined period of 2-dimensional one. It may be filled up 
with SiN etc. in a hole. The barrier layer consists of the multiplex quantum well 
structure where the semiconductor material of for example, an InGaAs/lnGaAsP 
system was used, and emits light by impregnation of a carrier. 
[0004] Moreover, a lower cladding layer consists of the semi-conductor of the n 
mold InP as mentioned above, and the up cladding layer consists of the semi- 
conductor of the p mold InP. On both sides of a barrier layer, terrorism junction is 
formed in double by the lower cladding layer and the up cladding layer, and the 
carrier which shuts up a carrier and is contributed to luminescence is centralized 
on a barrier layer. 

[0005] The electrode which consists of gold etc. is formed in the top face of an up 
cladding layer, and the base of a substrate. By impressing an electrical potential 
difference to inter-electrode, a barrier layer emits light and the light which leaked 
from the barrier layer carries out incidence to a 2-dimensional photograph nick 
crystal. The light whose wavelength corresponds with the lattice spacing of a 2- 



dimensional photograph nick crystal resonates with a 2-dimensional photograph 
nick crystal, and is amplified. Thereby, 2-dimensional photograph nick crystal- 
face luminescence laser carries out field luminescence, and carries out outgoing 
radiation of the coherent light. 

[0006] For example, a resonance operation is explained about the 2-dimensional 
photograph nick crystal which consists of a tetragonal lattice as shown in drawing 
35 . The 2-dimensional photograph nick crystal 40 consists of the tetragonal 
lattice which formed the 2nd medium 12, such as a hole, in the 1st medium 1 1 
the same period as two directions which intersect perpendicularly. The tetragonal 
lattice has the typical direction of the direction of gamma-X, and the direction of 
gamma-M. If spacing (henceforth a "lattice spacing") of the 2nd medium 1 2 which 
adjoins in the direction of gamma-X is set to a, the grid (henceforth a "primitive 
lattice") E1 to which one side which made the 2nd medium 12 the lattice point 
changes from the square of a is formed. 

[0007] If the light L whose wavelength lambda corresponds with the lattice 
spacing a of a primitive lattice E1 advances in the direction of gamma-X, Light L 
will be diffracted in the lattice point. Among these, only the light diffracted in the 
direction (0 degree, **90 degrees, and 180 degrees) to the travelling direction of 
light fulfills a Bragg condition. Furthermore, since the lattice point exists also in 
the travelling direction of the light diffracted in the direction (0 degree, **90 
degrees, and 180 degrees), the diffracted light is again diffracted in the direction 
(0 degree, **90 degrees, and 180 degrees) to a travelling direction. 
[0008] Since the diffracted light will return at the original lattice point if Light L 
repeats the diffraction of 1 time or multiple times, a resonance operation arises. 
Moreover, the light diffracted in the direction perpendicular to space also fulfills a 
Bragg condition. For this reason, outgoing radiation of the light amplified by 
resonance will be carried out through an up cladding layer, and it will have a field 
luminescence function. Moreover, since this phenomenon occurs in all the lattice 
points, coherent laser oscillation is possible throughout the inside of a field. 
[0009] 



[Problem(s) to be Solved by the Invention] Drawing 36 is the band Fig. of the 2- 
dimensional photograph nick crystal 40 of the structure shown in above- 
mentioned drawing 35 . An axis of ordinate is the normalized radiam frequency 
which multiplied by it and formed a/c into the-less dimension in the frequency of 
light. Here, c shows the velocity of light (unit: m/sec), and a shows the lattice 
spacing (unit: m). The axis of abscissa shows the wave number vector of light. 
[0010] In this drawing, each line is understood that the location which the 
dispersion relation of light is shown, the inclination serves as zero, the group 
velocity of light serves as zero in some locations, and a resonance operation 
produces exists. As gamma point was mentioned above especially, in order that 
not only field inboard but the light diffracted in the direction perpendicular to a 
field may fulfill a Bragg condition, it becomes possible to take out a coherent light 
obtained as a result of resonating by field inboard in the direction perpendicular 
to afield. 

[0011] In addition, gamma point is defined as follows. When the primitive 
translation vectors a1 and a2 of a grid set the unit vector of rectangular 
coordinates to x and y to the tetragonal lattice of a lattice spacing a, it is 
expressed a1=axa2=ay. 

[0012] The reciprocal-lattice fundamental vectors b1 and b2 are expressed as 

b1=(2 pi/a) yb 2= (2 pi/a) x to the advancing-side-by-side vectors a1 and a2. 

[0013] A point with a value as which wave number vector k of light is expressed 

in a formula (1) is called gamma point using the reciprocal-lattice fundamental 

vectors b1 and b2. 

[0014] k=nb1+mb2 ... (1) 

Here, n and m are the integers of arbitration. 

[0015] Therefore, if the wave number vector of light is gamma point of filling the 
formula (1), the above-mentioned phenomenon will produce every band. Usually, 
by 2-dimensional photograph nick crystal-face luminescence laser, as shown in 
the S section in drawing, the band of the 2nd group in which a lattice spacing a 
carries out equality to it being equal to wavelength lambda is used. 



[0016] When the detail of the S section is shown in drawing 37 , a 2-dimensional 
photograph nick crystal has the frequency to which four group velocity, A, B, C, 
and D, becomes order from the one where a frequency is lower with zero, i.e., 
resonance frequency. Hereafter, the resonance state in a C mode and resonance 
frequency D is called [ the resonance state in resonance frequency A / the 
resonance state in A mode and resonance frequency B ] D mode for the 
resonance state in an B mode and resonance frequency C. 
[0017] Drawing 38 and drawing 39 show electric-field distribution when the 2- 
dimensional photograph nick crystal has taken the resonance state of A mode 
and an B mode, respectively, and this is equivalent to the near-field pattern at the 
time of laser oscillation. The arrow head shows the direction and magnitude of 
electric field. As shown in these drawings, the sense of electric field has not 
gathered in A mode and an B mode. That is, the polarization direction is not fixed. 
For this reason, if electric-field distribution of the long-sight field of A mode and 
an B mode is shown in drawing 40 and drawing 41 , in A mode, the polarization 
direction will become the polarization turning around the perimeter of an 
electrode 7, and the polarization direction will become polarization of a radial 
centering on an electrode 7 in an B mode. 

[0018] Moreover, a C mode and D mode are degenerating and produce this 
resonance state on the same frequency. For this reason, polarization is 
determined by the linear combination of the electric-field distribution by the C 
mode, and the electric-field distribution by D mode at gamma point. Therefore, it 
is not decided that the polarization direction will be a meaning but it is unstable. 
[0019] As mentioned above, according to the conventional 2-dimensional 
photograph nick crystal-face luminescence laser, even if it forms so that it may 
resonate in the mode of four resonance mode (C mode and D mode are 
resonance mode of three parenchyma since it is degenerating) throats of a 2- 
dimensional photograph nick crystal, the polarization direction of the light by 
which outgoing radiation is carried out has not gathered. Therefore, there was a 
problem which cannot be used in the equipment using the polarization with the 



fixed polarization direction. 

[0020] This invention aims at offering the 2-dimensional photograph nick crystal- 
face luminescence laser with which the polarization direction can carry out 
outgoing radiation of the fixed polarization. 
[0021] 

[Means for Solving the Problem] Invention indicated by claim 1 in order to attain 
the above-mentioned purpose In the 2-dimensional photograph nick crystal-face 
luminescence laser which arranged the 2-dimensional photograph nick crystal 
with which the medium by which refractive indexes differ was arranged with the 
period of 2-dimensional one near the barrier layer which emits light by 
impregnation of a carrier While said 2-dimensional photograph nick crystal 
consists of the tetragonal lattice which arranged the medium of 1 periodically by 
regular intervals to the 2-way which intersects perpendicularly Some [ at least ] 
primitive lattices which consist of the square which made the medium of 1 top- 
most vertices and made one side the minimum period of the medium of 1 of the 
same magnitude are characterized by having distribution of an unsymmetrical 
refractive index to either of the two diagonal lines of this primitive lattice. 
[0022] Moreover, invention indicated by claim 2 is characterized by dispelling 
degeneration in the mode in gamma point of said 2-dimensional photograph nick 
crystal near the barrier layer which emits light by impregnation of a carrier in the 
2-dimensional photograph nick crystal-face luminescence laser which arranged 
the 2-dimensional photograph nick crystal with which the medium by which 
refractive indexes differ was arranged with the period of 2-dimensional one. 
According to this configuration, a 2-dimensional photograph nick crystal has 
degeneration dispelled by breaking down the symmetric property of a crystal etc. 
Consequently, it can be made to resonate on four different frequencies in the 2nd 
group of a band Fig. by selection of the refractive index of a medium, magnitude, 
etc. 

[0023] Moreover, invention indicated by claim 3 is characterized by making in 
agreement the frequency which takes the maximal value of the gain of said 



barrier layer, and the frequency in which said 2-dimensional photograph nick 
crystal resonates in the 2-dimensional photograph nick crystal-face luminescence 
laser indicated by claim 1 or claim 2. 

[0024] In the 2-dimensional photograph nick crystal-face luminescence laser with 
which invention indicated by claim 4 was indicated by either claim 1 - claim 3 
moreover, said 2-dimensional photograph nick crystal Are [ having been 
arranged at spacing equal to the 1st and 2nd direction in which it intersects 
perpendicularly in the 1st medium while the 1st medium which has a 
predetermined refractive index, and the 1st medium differ from a refractive index, 
etc. and ] by carrying out, and it has the 2nd medium of magnitude. Some [ at 
least ] primitive lattices which made the 2nd medium top-most vertices are 
characterized by having the 3rd medium asymmetrically arranged to either of the 
two diagonal lines of this primitive lattice. According to this configuration, the 3rd 
medium is arranged in the random location in the 1st medium, for example. 
[0025] Moreover, in the 2-dimensional photograph nick crystal-face luminescence 
laser indicated by claim 4, invention indicated by claim 5 is characterized by 
having arranged the 3rd medium in the range of width-of-face 0.1a from the 
range of width-of-face 0.1 from one side of primitive lattice a, or the perpendicular 
bisector of one side, when die length of one side of a primitive lattice is set to a. 
[0026] Moreover, invention indicated by claim 6 is set on the 2-dimensional 
photograph nick crystal-face luminescence laser indicated by claim 4. Die length 
of one side of a primitive lattice is set to a. At a zero the 1st and 2nd direction for 
the 2nd medium of 1 The X-axis, the time of considering as a Y-axis - X and Y 
coordinate (na/4, ma/4) (1 n= 0, 2, 4, m= 3) or - (na/4, ma/4) (n= 1, 3, m= 0, 2, 4) 
It is characterized by having arranged the 3rd medium in the range of radius 0.1a 
centering on a point. 

[0027] According to this configuration, the 3rd medium is arranged in the location 
of X and Y coordinate (0 a/4), for example (a/4, a/2). (3a [ 0 and ]/4) 
[0028] Moreover, invention indicated by claim 7 is characterized by consisting of 
the magnitude from which the 2nd medium and the 3rd medium differ in 2- 



dimensional photograph nick crystal-face luminescence laser according to claim 
4. 

[0029] Moreover, invention indicated by claim 8 is characterized by consisting of 
the quality of the material with same 2nd medium and 3rd medium in 2- 
dimensional photograph nick crystal-face luminescence laser according to claim 
4 to 7. 

[0030] In the 2-dimensional photograph nick crystal-face luminescence laser with 
which invention indicated by claim 9 was indicated by either claim 1 - claim 3 
moreover, said 2-dimensional photograph nick crystal It has the 1st medium 
which has a predetermined refractive index, and the 2nd medium arranged at 
spacing equal to the 1st and 2nd direction in which it intersects perpendicularly in 
the 1st medium while the 1st medium differs from a refractive index. Some [ at 
least ] primitive lattices which made the 2nd medium top-most vertices are 
characterized by making the flat-surface configuration of the 2nd medium 
unsymmetrical to either of the two diagonal lines of this primitive lattice. 
According to this configuration, the 2nd medium is periodically arranged in the 
1st and 2nd direction, and the 2nd medium is formed in the ellipse form whose 
major axis corresponded in the 1st direction. 

[0031] Moreover, in the 2-dimensional photograph nick crystal-face luminescence 
laser with which invention indicated by claim 10 was indicated by either claim 1 - 
claim 3, in a rectangular medium, a flat-surface configuration is close, and is 
arranged, and said 2-dimensional photograph nick crystal is characterized by the 
refractive indexes of two media which adjoin the 2-way which intersects 
perpendicularly to the medium of at least 1 differing. 

[0032] According to this configuration, the refractive indexes of the 2nd medium 
which a 2-dimensional photograph nick crystal is formed in the shape of a 
checker so that the refractive indexes of an adjoining medium may differ, and 
looks at it superficially, for example, is arranged above the 1st medium, and the 
3rd medium arranged on the left of the 1st medium differ. The 1st - the 3rd 
medium may be arranged in the 1st medium and a vertical angle location, and 



other media may be arranged. Moreover, spacing of the 1st medium and the 1st 
medium should just be a period which fulfills the conditions over the wave 
number vector in gamma point of having defined whether it having been the 
same as wavelength. Furthermore, although a primitive lattice is a square, the 
flat-surface configuration of each medium may not be a square. 
[0033] Moreover, invention indicated by claim 11 is characterized by joining and 
said 2-dimensional photograph nick crystal changing so that the periodic 
direction may intersect perpendicularly two single dimension diffraction gratings 
with an equal period in the 2-dimensional photograph nick crystal-face 
luminescence laser indicated by claim 10. 

[0034] The refractive index of the part with which the 1st and 2nd diffraction 
grating which consists of the 1st and 2nd medium by which according to this 
configuration it has the slot of the predetermined period of a single dimension, for 
example, and refractive indexes differ was joined, and the slot of the 1st and 2nd 
diffraction grating lapped, The 2-dimensional photograph nick crystal with which 
the average refractive index and average ** of the part with which an average 
refractive index, and the 1st medium and the 2nd medium of the part with which 
the average refractive index of the part with which the slot and the 2nd medium 
of the 1st diffraction grating lapped, and the slot and the 1st medium of the 2nd 
diffraction grating lapped lapped differed from each other mutually is formed. 
[0035] 

[Embodiment of the Invention] The operation gestalt of this invention is explained 
with reference to a drawing below. About the same part as drawing 35 of the 
conventional example of explanation, the same sign is attached for convenience. 
Drawing 1 is the perspective view showing the 2-dimensional photograph nick 
crystal-face luminescence laser of the 1st operation gestalt. As for the 2- 
dimensional photograph nick crystal-face luminescence laser 1, the laminating of 
the lower cladding layer 3, a barrier layer 4, and the up cladding layer 5 is carried 
out on the substrate 2. In the lower cladding layer 3, the 2-dimensional 
photograph nick crystal 10 is built in near the barrier layer 4. 



[0036] The 2-dimensional photograph nick crystal 10 forms a hole in the semi- 
conductor layer of the n mold InP, and is constituted, and the medium by which 
refractive indexes differ consists of the tetragonal lattice arranged the 
predetermined period of 2-dimensional one. It may be filled up with SiN etc. in a 
hole. A barrier layer 4 is [0037] which consists of the multiplex quantum well 
structure where the semiconductor material of for example, an InGaAs/lnGaAsP 
system was used, and emits light by impregnation of a carrier. The lower 
cladding layer 3 consists of the semi-conductor of the n mold InP as mentioned 
above, and the up cladding layer 5 consists of the semi-conductor of the p mold 
InP. On both sides of a barrier layer 4, terrorism junction is formed in double by 
the lower cladding layer 3 and the up cladding layer 5, and the carrier which 
shuts up a carrier and is contributed to luminescence is centralized on a barrier 
layer. The electrodes 6 and 7 which consist of gold etc. are formed in the top 
face of the up cladding layer 5, and the base of a substrate 2. A barrier layer 4 
emits light by impressing an electrical potential difference between an electrode 6 
and 7. 

[0038] Drawing 2 is the top view showing the 2-dimensional photograph nick 
crystal 10. The 2-dimensional photograph nick crystal 10 consists of the 
tetragonal lattice which formed the 2nd medium 12, such as a hole, in the 1st 
medium 1 1 the same period (lattice spacing a) as two directions which intersect 
perpendicularly. If the basic lattice spacing a is a period which fulfills the 
conditions over the wave number vector in gamma point, although it is good, this 
operation gestalt will explain it using the case where the lattice spacing a and 
oscillation wavelength equivalent to gamma **** 2 group (refer to drawing 36 and 
the S section) generally used well are equal, anything. 

[0039] The primitive lattice E1 which changes from the square which makes the 
2nd medium 12 top-most vertices, and makes one side the minimum period (a) of 
the 2nd medium 12 of the same magnitude to the 2-dimensional photograph nick 
crystal 10 is formed. Moreover, the 3rd medium 13 is formed in two periods at a 
rate of one place at the position at the perpendicular 2-way of the 2nd medium 12, 



respectively. 

[0040] As mentioned above, incidence of the light which leaked from the barrier 
layer 4 is carried out to the 2-dimensional photograph nick crystal 10. The lattice 
spacing a of the 2-dimensional photograph nick crystal 10 resonates with the 2- 
dimensional photograph nick crystal 10 at the time of predetermined die length, 
and light is amplified. Thereby, the 2-dimensional photograph nick crystal-face 
luminescence laser 1 carries out field luminescence, and carries out outgoing 
radiation of the coherent light. At this time, as for the primitive lattice E1 
containing the 3rd medium 13, the 3rd medium 13 is arranged also to any of the 
diagonal lines C1 and C2 in the unsymmetrical location. 
[0041] In addition, a primitive lattice differs from the so-called unit lattice which 
the minimum periodic thing is pointed out and is the smallest unit of periodic 
structure with the grid of the square by which the same medium has been 
arranged at top-most vertices. Therefore, it can also be considered by making 
the 3rd medium 13 into top-most vertices that a grid E2 is a primitive lattice. Thus, 
even if it catches, the 2nd medium 12 is arranged on the unsymmetrical location 
also to any of the two diagonal lines. 

[0042] The band Fig. near gamma point of the 2-dimensional photograph nick 
crystal 10 of such a configuration is shown in drawing 3 . This drawing shows the 
2nd group (S section: refer to drawing 36 ) wavelength lambda and whose lattice 
spacing a correspond. An axis of ordinate is the normalized radiam frequency 
which multiplied by it and formed a/c into the-less dimension in the frequency of 
light. Here, c shows the velocity of light (unit: m/sec), and a shows the lattice 
spacing (unit: m). The axis of abscissa shows the wave number vector of light. 
[0043] According to this drawing, the 2-dimensional photograph nick crystal 10 
has four different resonance modes according to four different resonance 
frequency and each resonance frequency in gamma **** 2 group by choosing a 
refractive index, magnitude, etc. of a medium appropriately. That is, it has the 
resonance frequency from which a C mode and D mode differ, and, unlike the 
conventional 2-dimensional photograph nick crystal shown by drawing 37 , 



degeneration in the mode is dispelled. 

[0044] In addition, if it has unsymmetrical refractive-index distribution to one 
diagonal line of the primitive lattices E1, degeneration in the mode of a 2- 
dimensional photograph nick crystal can be dispelled. For example, in drawing 2 , 
it may change to 3rd medium 13a in a primitive lattice E1, and 3rd medium 13b 
may be arranged on one diagonal line C2. 

[0045] Drawing 4 - drawing 7 are drawings showing electric-field distribution, i.e., 
the near-field pattern at the time of laser oscillation, when the 2-dimensional 
photograph nick crystal 10 has taken the resonance state in A mode, an B mode, 
a C mode, and D mode. The arrow head shows the direction and magnitude of 
electric field. As shown in these drawings, the sense of electric field is fixed in 
each mode. That is, the polarization direction is fixed. 

[0046] Therefore, as electric-field distribution of the long-sight field in A mode and 
D mode is shown in drawing 8 and electric-field distribution of the long-sight field 
of an B mode and a C mode is shown in drawing 9 , the 2-dimensional 
photograph nick crystal-face luminescence laser 1 with the fixed polarization 
direction (the direction of electric field) of the light by which outgoing radiation is 
carried out can be obtained. 

[0047] In addition, at A and an B mode, electric field negate each other by part 
for the core of a luminescence field. Consequently, the amount of [ which was 
covered with the electrode 7 of a luminescence field ] core is a nonluminescent 
field. For this reason, light is emitted in the shape of a doughnut dark in a core 
only with a bright periphery. On the other hand, in C and D mode, electric field 
deny and it suits, and there is no ** and light is emitted from the whole surface of 
a luminescence field to homogeneity. Therefore, the 2-dimensional photograph 
nick crystal-face luminescence laser used in C and D mode is more more 
desirable than the 2-dimensional photograph nick crystal-face luminescence 
laser used by A and the B mode. 

[0048] Moreover, although the 3rd medium 13 has a different refractive index 
from the 1st medium 11, the 2nd medium 12 may be the same refractive index. 



Moreover, if the 3rd medium 13 is unsymmetrical, even if it will arrange it in which 
location to either of the diagonal lines C1 and C2, it can dispel degeneration in 
the mode. For example, although you may arrange in a random location, it is 
more desirable when it arranges in a location which is explained below. 
[0049] When drawing 10 has arranged the 3rd medium 13 in a primitive lattice E1, 
it is drawing having shown the degree as which light senses existence of a 
photograph nick crystal with the contour line. The slash section shows the large 
part of effectiveness. According to this, when the 3rd medium 13 is arranged on 
each side of a primitive lattice E1 , or the perpendicular bisector of each side, the 
degree which senses existence of a photograph nick crystal is the largest, and 
effectiveness is high. Moreover, if it is within the limits of the width of face of 0.1a 
(= a/10), sufficiently big effectiveness can be acquired from each side of a 
primitive lattice E1 , or the perpendicular bisector of each side. 
[0050] When drawing 11 has arranged the 3rd medium 13 in a primitive lattice E1, 
it is drawing having shown the effectiveness which enlarges the difference of the 
frequency in each mode by the 3rd medium 13 with the contour line. The slash 
section shows the large part of effectiveness. When according to this the X-axis 
and a Y-axis are set as the direction of two sides where a primitive lattice E1 
adjoins and the location of the 2nd medium 12 of 1 is made into a zero X and Y 
coordinate (na/4, ma/4) (1 n= 0, 2, 4, m= 3) or - (na/4, ma/4) (n= 1, 3, m= 0, 2, 4) 
When it arranges at a point, the effectiveness which enlarges the difference of 
the frequency in each mode is the largest. Moreover, if it is within the limits of 
radius 0.1a (= a/10), sufficiently big effectiveness can be acquired from these 
points. 

[0051] For example, if X and Y coordinate arrange the 3rd medium in the location 
of (0, a/4), (3a [ 0 and ]/4), and (a/4, a/2), light can take the large difference of the 
frequency in each mode, when existence of a photograph nick crystal is sensed 
sufficiently strong and the effectiveness of a photograph nick crystal shows up 
strongly. 

[0052] Moreover, as shown in the 2nd operation gestalt of drawing 12 , the 3rd 



medium 13 may be formed for every period of the 2-way which intersects 
perpendicularly. In this case, even if it catches a primitive lattice with a grid E3, it 
is unsymmetrical to the two diagonal lines. As shown in the 3rd operation gestalt 
of drawing 13 , two places which are not the vertical angles of primitive-lattice E1' 
by which the 2nd medium 12 was arranged periodically may be permuted by the 
3rd medium 13. Consequently, a primitive lattice E1 changes die length of one 
side to primitive-lattice E1' of origin, and becomes unsymmetrical to the diagonal 
line. Moreover, it is the same even if it regards the grid E5 which makes the 3rd 
medium 13 top-most vertices as a primitive lattice. 

[0053] In the 1st - the 3rd operation gestalt, the profit effectiveness can enlarge 
the difference of each resonance frequency for degeneration greatly rather than 
the case where it prepares for every period [ form / for every short period of the 
2nd medium 12 / the 3rd medium 13 ] being longer. Thereby, the resonance 
mode to be used can be chosen easily. Moreover, the profit effectiveness can be 
enlarged for degeneration rather than the case where the one where the 
magnitude of the 3rd medium 13 is larger is small. 

[0054] In addition, drawing 14 - drawing 17 have symmetrical distribution of a 
refractive index also to any of the two diagonal lines of a primitive lattice. As 
shown in drawing 14 , when the 3rd medium 13 is formed in the middle point of 
the diagonal line of a primitive lattice E1, since refractive-index distribution 
becomes symmetrical to the diagonal line of both primitive lattices E1, the 
polarization direction of outgoing radiation light cannot be made regularity. At this 
time, even if it catches a primitive lattice with the grid E6 which makes the 3rd 
medium 13 top-most vertices, it is the same. 

[0055] As shown in drawing 15 , when the 3rd medium 13 is formed in the middle 
point of the diagonal line every two periods of a primitive lattice E1 , refractive- 
index distribution serves as symmetry to the diagonal line of both primitive 
lattices E1 similarly. It is the same even if it catches a primitive lattice with grids 
E7 and E8. In addition, although the grid E20 makes the 2nd medium 12 top- 
most vertices, since one side is not the minimum period of the 2nd medium 12, it 



cannot be caught with a primitive lattice. 

[0056] As shown in drawing 16 , when the 2nd medium 12 transposes one place 
of primitive-lattice E1' arranged periodically to the 3rd medium 13 every two 
periods, refractive-index distribution serves as symmetry to the diagonal line of 
both new primitive lattices E1 similarly. It is the same even if it catches a primitive 
lattice with a grid E10. 

[0057] As shown in drawing 17 , when the 2nd medium 12 transposes one place 
of primitive-lattice E1' arranged periodically to the 3rd medium 13 of the same 
quality of the material by which magnitude differs every two periods, refractive- 
index distribution serves as symmetry to the diagonal line of both new primitive 
lattices E1 similarly. It is the same even if it catches a primitive lattice with a grid 
E9. In addition, although the grid 21 makes the 2nd and 3rd medium 12 and 13 of 
the same quality of the material top-most vertices, since magnitude differs, it 
cannot be caught with a primitive lattice. 

[0058] Drawing 18 is the top view showing the 2-dimensional photograph nick 
crystal carried in the 2-dimensional photograph nick crystal-face luminescence 
laser of the 4th operation gestalt. The 2-dimensional photograph nick crystal 20 
of this operation gestalt is arranged the same period as two directions in which 
the 2nd medium 12 of a cross-section ellipse form intersects perpendicularly in 
the 1st medium 11. Other configurations are the same as that of the 1st 
operation gestalt. 

[0059] In this operation gestalt, since the refractive indexes of the 1st medium 1 1 
and the 2nd medium 12 differ, refractive-index distribution is unsymmetrical also 
to any of the two diagonal lines C1 and C2 of the primitive lattice E1 which 
consists of the square which made the 2nd medium 12 top-most vertices. 
[0060] The band Fig. of the 2nd group (S section: refer to drawing 36 ) of the 2- 
dimensional photograph nick crystal 20 of such a configuration is shown in 
drawing 19 . An axis of ordinate shows the normalized radiam frequency which 
multiplied by it and formed a/c into the-less dimension in the frequency of light, 
and the axis of abscissa shows the wave number vector of light. The 2- 



dimensional photograph nick crystal 20 has four different resonance modes 
according to four different resonance frequency and each resonance frequency 
in gamma **** 2 group by choosing a refractive index, magnitude, etc. of a 
medium appropriately. That is, it has the resonance frequency from which a C 
mode and D mode differ, and degeneration in the mode of the 2-dimensional 
photograph nick crystal 20 is dispelled. 

[0061] Drawing 20 - drawing 23 are drawings showing electric-field distribution, 
i.e., the near-field pattern at the time of laser oscillation, when the 2-dimensional 
photograph nick crystal 20 has taken the resonance state in A mode, an B mode, 
a C mode, and D mode, respectively. The arrow head shows the direction and 
magnitude of electric field. As shown in these drawings, the sense of electric field 
is fixed in each mode. That is, the polarization direction is fixed. Therefore, the 2- 
dimensional photograph nick crystal-face luminescence laser 1 with the fixed 
polarization direction (the direction of electric field) of the light by which outgoing 
radiation is carried out can be obtained. 

[0062] Moreover, as shown in the 5th operation gestalt of drawing 24 , a cross- 
section configuration may incline and arrange the 2nd medium 12 of an ellipse 
form to the periodic direction. Furthermore, the same effectiveness can be 
acquired even if it makes the cross-section configuration of the 2nd medium 12 
into a rectangle, as shown in the 6th operation gestalt of drawing 25 . 
[0063] Drawing 26 is the decomposition perspective view showing the 2- 
dimensional photograph nick crystal-face luminescence laser of the 7th operation 
gestalt. The same sign is given to the same part as the 1st operation gestalt 
shown in above-mentioned drawing 1 of explanation for convenience. As for the 
2-dimensional photograph nick crystal-face luminescence laser 9, the laminating 
of the lower cladding layers 8 and 3, a barrier layer 4, and the up cladding layer 5 
is carried out on the substrate 2. These are similarly formed of the same quality 
of the material as the 1st operation gestalt, and an ingredient which the same 
ingredient is sufficient as and is different is sufficient as the lower cladding layers 
3 and 8. The electrodes 6 and 7 which consist of gold etc. are formed in the base 



of a substrate 2, and the top face of the up cladding layer 5. 
[0064] The single dimension diffraction gratings 8a and 3a which consist of the 
slot formed the same period of a single dimension, respectively are formed in the 
top face of the lower cladding layer 8, and the inferior surface of tongue of the 
lower cladding layer 3. The single dimension diffraction gratings 8a and 3a are 
joined so that the periodic direction may intersect perpendicularly mutually. 
Thereby, the 2-dimensional photograph nick crystal 30 which has 2-dimensional 
periodic structure is formed. 

[0065] Drawing 27 is the top view showing the 2-dimensional photograph nick 
crystal 30. The single dimension diffraction gratings 8a and 3a have Slots 8b and 
3b and land parts 8c and 3c, respectively. The F1 section with which slot 8b and 
slot 3b lapped has the same refractive index as air. The F2 section with which 
land part 8c and slot 3b lapped has the average refractive index of the refractive 
index of the lower cladding layer 8, and the refractive index of air. The F3 section 
with which slot 8b and land part 3c lapped has the average refractive index of the 
refractive index of the lower cladding layer 3, and the refractive index of air. The 
F4 section with which land part 8c and land part 3c lapped has the average 
refractive index of the refractive index of the lower cladding layer 8, and the 
refractive index of the lower cladding layer 3. 

[0066] Moreover, since the distance from a barrier layer 4 to single dimension 
diffraction-grating 3a is shorter than the distance to single dimension diffraction- 
grating 8a, the luminous intensity which reaches single dimension diffraction- 
grating 3a is larger than the luminous intensity which reaches single dimension 
diffraction-grating 8a. For this reason, the effect of the refractive index of the 
lower part [ refractive index / of air ] cladding layer 3 becomes large, and, as for 
the average refractive index of the F3 section, the average refractive index of the 
F2 section has the effect larger than the refractive index of the lower cladding 
layer 8 of the refractive index of air. Therefore, even if the lower cladding layer 8 
and the lower cladding layer 3 are the same refractive indexes, it has a different 
refractive index from the F2 section and the F3 section. 



[0067] Consequently, as shown in drawing 28 , with a different refractive index, a 
cross-section configuration is [ the 1st 2nd, 3rd, and 4th rectangular medium 31, 
32, 33, and 34 ] close in the shape of a checker, and the 2-dimensional 
photograph nick crystal 30 is arranged. It is periodically arranged by this by the 2- 
way a 2-way and the 1st medium 31 cross at right angles, and the 2-dimensional 
photograph nick crystal 30 consists of the tetragonal lattice. And the primitive 
lattice E1 which consists of the square which made the 1st medium 31 top-most 
vertices is unsymmetrical refractive-index distribution also to any of the two 
diagonal lines. 

[0068] The band Fig. of the 2nd group (refer to the S section of drawing 36 ) of 
the 2-dimensional photograph nick crystal 30 is shown in drawing 29 . An axis of 
ordinate shows the normalized radiam frequency which multiplied by it and 
formed a/c into the-less dimension in the frequency of light, and the axis of 
abscissa shows the wave number vector of light. The 2-dimensional photograph 
nick crystal 30 has four different resonance modes according to four different 
resonance frequency and each resonance frequency in gamma **** 2 group by 
choosing a refractive index, magnitude, etc. of a medium appropriately. That is, it 
has the resonance frequency from which a C mode and D mode differ, and 
degeneration in the mode of the 2-dimensional photograph nick crystal 30 is 
dispelled. 

[0069] Drawing 30 - drawing 33 are drawings showing electric-field distribution, 
i.e., the near-field pattern at the time of laser oscillation, when the 2-dimensional 
photograph nick crystal 30 has taken the resonance state in A mode, an B mode, 
a C mode, and D mode, respectively. The arrow head shows the direction and 
magnitude of electric field. As shown in these drawings, the sense of electric field 
is fixed in each mode. That is, the polarization direction is fixed. Therefore, the 2- 
dimensional photograph nick crystal-face luminescence laser 9 with the fixed 
polarization direction (the direction of electric field) of the light by which outgoing 
radiation is carried out can be obtained. 

[0070] In addition, as long as the single dimension diffraction gratings 8a and 3a 



have a the same period, they may be good and its duty ratio may not be the 
same, moreover, not only in when joining a single dimension diffraction grating 
like this operation gestalt As shown in above-mentioned drawing 28 , a flat- 
surface configuration is close in the medium of a refractive index by which 
rectangles differ. By making into a mutually different refractive index two media 
(for example, the 2nd and 3rd medium 32 and 33) which adjoined in the two 
directions which intersect perpendicularly to the medium (for example, the 1st 
medium 31) of 1, the 2-dimensional photograph nick crystal which dispelled 
degeneration can be obtained. 

[0071] At this time, spacing of the medium of 1 should just be a period which 
fulfills the conditions over the wave number vector in gamma point of having 
defined whether it having been the same as wavelength. Moreover, although a 
primitive lattice is a square, the flat-surface configuration of each medium may 
not be a square. Furthermore, the 4th medium 34 arranged in the direction of 
slant to the medium (the 1st medium 31) of 1 may be the same refractive index 
as either the 1st - the 3rd medium 31-33. 

[0072] Drawing 34 shows the frequency characteristics of the gain of the barrier 
layer 4 of the 1st - the 7th operation gestalt. The axis of ordinate shows the gain 
of a barrier layer, and the axis of abscissa shows the frequency. As shown in this 
drawing, the barrier layer 4 has different gain to a frequency. Therefore, in the 1st 
- the 7th operation gestalt, by choosing the refractive index of the medium of a 2- 
dimensional photograph nick crystal, the magnitude of a medium, a lattice 
spacing, etc. so that it may resonate on the frequency used as the maximal value 
of the gain of a barrier layer 4, outgoing radiation of the light can be efficiently 
carried out from 2-dimensional photograph nick crystal-face luminescence laser, 
and power-saving can be attained. Moreover, if the delta frequency between the 
modes is enlarged, the selectivity of the resonance mode to be used will become 
good. 
[0073] 

[Effect of the Invention] According to invention of claim 1 , the 2-dimensional 



photograph nick crystal-face luminescence laser with which degeneration in the 
mode is dispelled and a 2-dimensional photograph nick crystal carries out 
outgoing radiation of the polarization with the fixed polarization direction since a 
primitive lattice has distribution of an unsymmetrical refractive index to the 
diagonal line can be obtained. 

[0074] Moreover, according to invention of claim 2, the 2-dimensional photograph 
nick crystal-face luminescence laser with which the polarization direction carries 
out outgoing radiation of the fixed polarization can be obtained by dispelling 
degeneration in the mode of a 2-dimensional photograph nick crystal. 
[0075] Moreover, since the frequency which takes the maximal value of the gain 
of a barrier layer, and the frequency in which a 2-dimensional photograph nick 
crystal resonates are made in agreement according to invention of claim 3, 
outgoing radiation of the light can be efficiently carried out from 2-dimensional 
photograph nick crystal-face luminescence laser, and power-saving can be 
attained. 

[0076] Moreover, according to invention of claim 4, the 2-dimensional photograph 
nick crystal which has unsymmetrical refractive-index distribution simply can be 
obtained by arranging the 3rd medium asymmetrically to the two diagonal lines of 
the primitive lattice which makes the 2nd medium arranged into the 1st medium 
top-most vertices. 

[0077] Moreover, according to invention of claim 5, when die length of one side of 
a primitive lattice is set to a, the degree as which light senses a photograph nick 
crystal by arranging the 3rd medium in the range of width-of-face 0.1a can 
improve from the range of width-of-face O.lfrom one side of primitive lattice a, or 
the perpendicular bisector of one side, and degeneration can be dispelled easily. 
[0078] According to invention of claim 6, die length of one side of a primitive 
lattice is set to a. At a zero the 1st and 2nd direction for the 2nd medium of 1 
Moreover, the X-axis, the time of considering as a Y-axis - X and Y coordinate 
(na/4, ma/4) (1 n= 0, 2, 4, m= 3) or -- (na/4, ma/4) (n= 1 , 3, m= 0, 2, 4) By 
arranging the 3rd medium in the range of radius 0.1a centering on a point 



Degeneration can raise the profit effectiveness by defective installation. 
[0079] Moreover, according to invention of claim 7, even if the 2nd and 3rd 
medium is the same refractive index by making the 2nd medium and the 3rd 
medium into different magnitude, unsymmetrical refractive-index distribution can 
be formed easily. 

[0080] Moreover, according to invention of claim 8, by forming the 2nd medium 
and the 3rd medium according to the same quality of the material, the 2nd and 
3rd medium can be formed in coincidence, and unsymmetrical refractive-index 
distribution can be formed more easily. 

[0081] Moreover, according to invention of claim 9, the 2-dimensional photograph 
nick crystal which has unsymmetrical refractive-index distribution simply can be 
obtained by making the flat-surface configuration of the 2nd medium 
unsymmetrical to the two diagonal lines of the primitive lattice which makes the 
2nd medium arranged into the 1st medium top-most vertices. 
[0082] Moreover, according to invention of claim 10, when making it the refractive 
indexes of two media which adjoin the 2-way with which a flat-surface 
configuration is close, arranges a rectangular medium in the shape of a checker, 
and intersects perpendicularly to the medium of 1 differ, the 2-dimensional 
photograph nick crystal which has unsymmetrical refractive-index distribution 
simply can be obtained. 

[0083] Moreover, according to invention of claim 1 1, the 2-dimensional 
photograph nick crystal arranged in the shape of a checker can be easily 
obtained by joining two single dimension diffraction gratings so that the periodic 
direction may intersect perpendicularly. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the decomposition perspective view showing the 2-dimensional 
photograph nick crystal-face luminescence laser of the 1st operation gestalt of 
this invention. 

[Drawing 2] It is the top view showing the 2-dimensional photograph nick crystal 
of the 1st operation gestalt of this invention. 

[Drawing 3] It is the band Fig. of the 2nd group of the 2-dimensional photograph 
nick crystal of the 1st operation gestalt of this invention. 

[Drawing 4] It is drawing showing electric-field distribution of the myopia field in A 
mode of the 2-dimensional photograph nick crystal of the 1st operation gestalt of 
this invention. 

[Drawing 5] It is drawing showing electric-field distribution of the myopia field of 
the B mode of the 2-dimensional photograph nick crystal of the 1st operation 
gestalt of this invention. 

[Drawing 6] It is drawing showing electric-field distribution of the myopia field of 
the C mode of the 2-dimensional photograph nick crystal of the 1st operation 
gestalt of this invention. 

[Drawing 7] It is drawing showing electric-field distribution of the myopia field in D 
mode of the 2-dimensional photograph nick crystal of the 1st operation gestalt of 
this invention. 

[Drawing 8] It is drawing showing electric-field distribution of A of the 2- 
dimensional photograph nick crystal of the 1st operation gestalt of this invention, 
and the long-sight field in D mode. 



[Drawing 9] It is drawing showing electric-field distribution of B of the 2- 
dimensional photograph nick crystal of the 1st operation gestalt of this invention, 
and the long-sight field of a C mode. 

[Drawing 10] It is drawing showing the diffraction effect by the location of the 
defect of the 2-dimensional photograph nick crystal of the 1st operation gestalt of 
this invention. 

[Drawing 1 1] It is drawing showing the effectiveness of arranging the direction of 
electric field by the location of the defect of the 2-dimensional photograph nick 
crystal of the 1st operation gestalt of this invention. 

[Drawing 12] It is the top view showing the 2-dimensional photograph nick crystal 
of the 2nd operation gestalt of this invention. 

[Drawing 13] It is the top view showing the 2-dimensional photograph nick crystal 
of the 3rd operation gestalt of this invention. 

[Drawing 14] It is a top view explaining the symmetric property by the location of 
the defect of a 2-dimensional photograph nick crystal. 

[Drawing 15] It is a top view explaining the symmetric property by arrangement of 
the defect of a 2-dimensional photograph nick crystal. 

[Drawing 16] It is a top view explaining the symmetric property by arrangement of 
the defect of a 2-dimensional photograph nick crystal. 

[Drawing 17] It is a top view explaining the symmetric property by arrangement of 
the defect of a 2-dimensional photograph nick crystal. 

[Drawing 18] It is the top view showing the 2-dimensional photograph nick crystal 
of the 4th operation gestalt of this invention. 

[Drawing 19] It is the band Fig. of the 2nd group of the 2-dimensional photograph 
nick crystal of the 4th operation gestalt of this invention. 

[Drawing 20] It is drawing showing electric-field distribution of the myopia field in 
A mode of the 2-dimensional photograph nick crystal of the 4th operation gestalt 
of this invention. 

[Drawing 21] It is drawing showing electric-field distribution of the myopia field of 
the B mode of the 2-dimensional photograph nick crystal of the 4th operation 



gestalt of this invention. 

[Drawing 22] It is drawing showing electric-field distribution of the myopia field of 
the C mode of the 2-dimensional photograph nick crystal of the 4th operation 
gestalt of this invention. 

[Drawing 23] It is drawing showing electric-field distribution of the myopia field in 
D mode of the 2-dimensional photograph nick crystal of the 4th operation gestalt 
of this invention. 

[Drawing 24] It is the top view showing the 2-dimensional photograph nick crystal 
of the 5th operation gestalt of this invention. 

[Drawing 25] It is the top view showing the 2-dimensional photograph nick crystal 
of the 6th operation gestalt of this invention. 

[Drawing 26] It is the decomposition perspective view showing the 2-dimensional 
photograph nick crystal-face luminescence laser of the 7th operation gestalt of 
this invention. 

[Drawing 27] It is the top view showing the 2-dimensional photograph nick crystal 
of the 7th operation gestalt of this invention. 

[Drawing 28] It is the top view showing the 2-dimensional photograph nick crystal 
of the 7th operation gestalt of this invention. 

[Drawing 29] It is the band Fig. of the 2nd group of the 2-dimensional photograph 
nick crystal of the 7th operation gestalt of this invention. 

[Drawing 30] It is drawing showing electric-field distribution of the myopia field in 
A mode of the 2-dimensional photograph nick crystal of the 7th operation gestalt 
of this invention. 

[Drawing 31] It is drawing showing electric-field distribution of the myopia field of 
the B mode of the 2-dimensional photograph nick crystal of the 7th operation 
gestalt of this invention. 

[Drawing 32] It is drawing showing electric-field distribution of the myopia field of 
the C mode of the 2-dimensional photograph nick crystal of the 7th operation 
gestalt of this invention. 

[Drawing 33] It is drawing showing electric-field distribution of the myopia field in 



D mode of the 2-dimensional photograph nick crystal of the 7th operation gestalt 
of this invention. 

[Drawing 34] It is drawing showing the gain over the frequency of the light which 
emits light by the barrier layer. 

[Drawing 35] It is the top view showing the conventional 2-dimensional 
photograph nick crystal. 

[Drawing 36] It is the band Fig. of the conventional 2-dimensional photograph 
nick crystal. 

[Drawing 37] It is the band Fig. of the 2nd group of the conventional 2- 
dimensional photograph nick crystal. 

[Drawing 38] It is drawing showing electric-field distribution of the myopia field in 
A mode of the conventional 2-dimensional photograph nick crystal. 
[Drawing 39] It is drawing showing electric-field distribution of the myopia field of 
the B mode of the conventional 2-dimensional photograph nick crystal. 
[Drawing 40] It is drawing showing electric-field distribution of the long-sight field 
in A mode of the conventional 2-dimensional photograph nick crystal. 
[Drawing 41] It is drawing showing electric-field distribution of the long-sight field 
of the B mode of the conventional 2-dimensional photograph nick crystal. 
[Description of Notations] 

1 Nine 2-dimensional photograph nick crystal-face luminescence laser 

2 Substrate 

3 Eight Lower cladding layer 

3a, 8a Single dimension diffraction grating 

4 Barrier Layer 

5 Up Cladding Layer 

6 Seven Electrode 

10, 20, 30, 40 2-dimensional photograph nick crystal 

11 31 The 1st medium 

12 32 The 2nd medium 

13 33 The 3rd medium 



34 4th Medium 
E1 Primitive lattice 
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